rpbsiract-We set up and solve, the problem of charged-particle transport in a magnetic field which is solely a function of time. The solution is obtained exactly, to all orders in the field, in the limit of large wavelengths normal to the magnetic field. We show that the usual quasilinear, Fokker-Planck approximation is equal to the exact solution in the limit of times large compared with the correlation time of the fluctuating field. This is just the regime where the approximation has been used in the past, and this special case thus gives some support to the standard approximation techniques.
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I N T R O D U C T I O N
THE PROBLEM of the propagation of charged particles in random fields is of fundamental importance to modern astrophysics, for the transport of cosmic-ray particles in both the interstellar and interplanetary media is controlled to a large extent by the interaction of these charged particles with the turbulent electric a d zagnetic $e!& of space. Some aspects of this problein have been recently reviewed by JOKIPII (1971) , who gives an extensive list of earlier contributors.
There are very few problems of this nature to which one can effect a statistically exact solution and recourse is usually made to some approximate method. One such approximation, the quasilinear, Fokber-Planck approximation, has been used extensively and is discussed in detail in JOKIPII (1971) . It would be nice to compare an exact solution with this approximation to provide insight into the realm of validity of the approximation. It is the purpose of this paper to present a statistically exact soiution for one special case and to show that the approximation, in this case at least, agrees very well with the exact solution.
A STATISTICALLY EXACT SOLUTION
Consider theevolution of a distribution of charged particles of charge e, momentum p, and rest mass m per particle, under a given, but random, magnetic field B(t) which points in the z-direction and is a random function of time alone.
Then iff(x, p, t ) is the number density of particles in the band of values x to x + dx, p to p + dp at time t , we have from Liouville's equation that where the electric fields (associated with the time variation of B(t)) are ignored. One can, of course, object that neglect of the electric fields is not permitted in a physically realizable problem and we agree with such objections. However, that in no way detracts from the fundamental mathematical problem which is succinctly portrayed by equation (1). Given equation (1) 
For simplicity we consider the case K , -V , -0 (long wavelength normal to B).
(5)
Define the new function
The general solution to equation (6) is
where H(6) = g (r = 0, 0) is the initial value, which we wi!l take to be the samefcr all members of the ensemble.
We wish to find an equation for (g). Suppose we write
where the 11, are given constants. Then
(7)
Now, if B has Gaussian statistics,* we have the identity (see e.g. KUBO (1963) ; ROSENBLOOM (1954) ; BOURRET (1965) ).
* The reader may wish to consider a situation where Gaussian statistics is not assumed. We show how to handle such a case in Appendix A.
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1 where R(t') = (b(t)b(t + t')). Hence we have the statistically exact solution (for
By inspection, (9) satisfies the differential equation
exactly, where D(7) = R(t') dt'.
J :
Clearly, for 7 > 1 (the correlation time), this is of the Fokker-Planck form, (15) is then and subtraction of equation (16) Clearly, for (19) and (21) to be consistent, we require L2 < 1. In this limit (b(7) d f (~~, 0)) = 0 and the limit T~ on the integral in equation (20) may be taken to --CO since the integral is independent of T~. Finally, we note that if (f) is slowly varying with both t and 0 over the correlation time of b(t) then we can approximate Vl,(t -t') ] by ( f ( 7 , e)) and equation (20) 
(21)
where D, is often termed a "Fokker-Planck" coefficient.
Note that equation (22) is immediately seen to be equal to the exact equation (12) in
the limit T > 1. The standard QFP analysis, which has been applied successfully in other situations passes this test as well. This special case, permitting comparison with an exact solution, provides support for the use of the QFP approach in situations where exact solutions are not available.
We note one further, snrprising fact. The approximate equation (22) was derived assuming Q Q 1, but it is manifestly correct to all orders in Q since equation (12) A P P E N D I X A Here we are interested in the evolution off knowing that at r = 0 the magnetic field takes on the value bo, and at any later timo the probability of finding a given strength magnetic field evolves according to a prescribed rule.
To proceed write 
nL=-co
By inspection we see that in order to obtain (A,) all we need to find is q. for then
When the probability of iinding b on its own at time T is described by the ORNSTEM-UHLENBECK (1930) process (and we shall assume that it is for the remainder of this appendix) then (A.11) Equation (A.8) can then be solved exactly subject to the initial conditions
as we shall now demonstrate.
To proceed with the solution use equation ( 
87
-ir.QEgr exp (-TI -&iVlKL(grT: -subject to the initial condition g, (7 = 0) = yr 6(6 -bo).
To effect a solution to equation (A.14) it is opportune to Foxrier transform in &space with KII) exp M p ' -v)I dp'. For T > 1 this reduces to equation (14) indicating that even for evolving statistical distributions of fields the quasilinear Fokker-Planck approach gives the correct average equation in the long time limit.
